A 5.9-kb fragment of chromosomal DNA coding for ␤-glucosidase activity of the thermophilic anaerobe Thermoanaerobacter brockii was sequenced. Two genes, cglT and xglS, encoding a cellodextrin-cleaving ␤-glucosidase and a xylodextrin-degrading xylo-␤-glucosidase, respectively, were located directly adjacent to each other. The 5 region contained two additional genes, cglF and cglG, whose products exhibited similarity to integral membrane proteins of metabolite transport systems. The two ␤-glucosidases, CglT and XglS, with deduced molecular masses of 52 and 81 kDa, belong to different families of glycosyl hydrolases. Both enzymes were overexpressed in Escherichia coli and could be detected after protein gel electrophoresis and activity staining. The enzyme CglT was purified by fast protein liquid chromatography and identified by N-terminal sequencing. The enzyme was thermostable at 60°C for at least 24 h, and the temperature optimum was 75°C. The k i for glucose inhibition was calculated to 200 mM. The enzyme released glucose from the nonreducing end of ␤-1,4-cello oligomers as well as from various disaccharides. CglT was active on glucosides, galactosides and on fucosides, while XglS cleaved ␤-glucosides and ␤-xylosides as well. The cglT gene was also expressed in Bacillus subtilis, and the enzyme was mainly intracellular during exponential growth but was efficiently released into the supernatant after cultures entered the stationary phase.
␤-Glucosidases are widespread in bacteria, where they are involved in the metabolism of various carbohydrate substrates. Furthermore, they are able to cleave aromatic glycosides like arbutin and salicin (18, 20) . A ␤-glucosidase of Agrobacterium tumefaciens was shown to be a virulence factor (4) .
Among several enzymes acting in a cascade, ␤-glucosidases are involved in the degradation of the plant cell wall polysaccharide matrix, which consists of cellulose, xyloglucan, and xylan. In a final step of the cellulose degradation, ␤-glucosidases convert cellobiose and cellodextrins to glucose. The removal of the intermediates usually prevents cellulases from end product inhibition. ␤-Glucosidases themselves are more or less strongly inhibited by glucose; e.g., the activity of Clostridium thermocellum ␤-glucosidase BglA is reduced to 50% at a glucose concentration of 135 mM (1) . A recent report dealt with a nonthermostable ␤-glucosidase of Candida peltata showing a k i of 1.4 M (27) . Besides low glucose inhibition, however, thermostability of the enzyme would be advantageous in technical applications. Therefore, we attempted to identify ␤-glucosidases displaying low inhibition as well as thermostability. In a screening of several thermophilic strains (33a), Thermoanaerobacter brockii was found to display ␤-glucosidase activity and was chosen for isolation of the gene of the desired activity. Two genes, encoding the ␤-glucosidases XglS and CglT, were found.
In a previous study (5), we had used cglT (formerly named bglT) as a target gene for testing a new Bacillus subtilis expression system. In the present work, we report on the organization of the gene and the characterization of the enzyme.
MATERIALS AND METHODS
Strains and plasmids. The former strain ATCC 33075 of Thermoanaerobacter brockii, now replaced by (type strain) HTD4 under accession no. ATCC 53556/ DSM 1457, was the origin of the cloned genes. Escherichia coli XL 1-blue MRFЈ (Stratagene, Heidelberg, Germany) was used for cloning purposes. The expression in Bacillus was achieved in B. subtilis GBR21, which was derived from GSB26 (5) by inactivation of the celS endoglucanase gene by integration of a phleomycin resistance cassette.
A gene bank of T. brockii was constructed in the vector pBluescript II SK ϩ (Stratagene). Expression studies in Bacillus were performed with the E. coliBacillus shuttle plasmid pHB201 (Bacillus Genetic Stock Center, The Ohio State University, Columbus, Ohio) in strain ECE59 (submitted by S. Bron). Media and culture conditions. T. brockii was grown in TYEG medium (15) at 65°C. Cultures of E. coli and B. subtilis were grown at 37°C in TBY medium (yeast extract, 5 g liter
Ϫ1
; tryptone, 10 g liter Ϫ1 ; NaCl, 5 g liter Ϫ1 ). The media were supplemented with ampicillin (50 g ml Ϫ1 ) or chloramphenicol (10 g ml
) for selection of antibiotic resistance. Sequencing and sequence analysis. DNA sequencing was performed by the dideoxy chain termination method (28) with an automated DNA sequencer (A.L.F.) with the AutoRead sequencing kit (Pharmacia Biotech Europe GmbH, Freiburg, Germany). The entire 5.9-kb DNA fragment on pBST07 was sequenced by the primer-walking strategy starting from primers U19 and REV, included with the kit. Both DNA strands were sequenced. The sequence analysis was performed with the PC/Gene software system of IntelliGenetics, Inc. (Mountain View, Calif.). The BLAST software (National Center for Biotechnology Information, Bethesda, Md.) was used for online database scanning.
Enzyme assay. Standard incubations were performed in 100 mM succinate buffer (pH 6) at 60°C. The substrate concentration in the assays with chromogenic p-nitrophenyl glycosidic substrates was 4 mM. After the appropriate incubation time, the reaction was stopped by adding 800 l of 1 M Na 2 CO 3 to a 200-l sample. The amount of released p-nitrophenyl was calculated from the absorbance at 410 nm with a molar extinction of 3.3 cm 2 mol Ϫ1 . The release of glucose from nonchromogenic substrates was determined by high-performance liquid chromatography (HPLC). After incubation, the sample was applied to a DX-500 system equipped with a CarboPac PA-100 column and pulsed amperometric detector (Dionex Corp.). Elution was performed in 100 mM NaOH with a gradient of 5 to 50% sodium acetate. The response of the detector was found to be linear for glucose concentrations up to 25 g ml Ϫ1 . Activity staining of SDS-gels. Samples were separated by polyacrylamide gel electrophoresis (PAGE) with 0.1% sodium dodecyl sulfate (SDS) (17) . Samples were loaded in sample buffer containing 2% SDS without ␤-mercaptoethanol. The boiling step was omitted. Afterward, the gels were washed twice for 15 min each in 100 mM succinate buffer (pH 6) containing 25% isopropanol and then washed twice in the same buffer without isopropanol. The gels were incubated in 1 mM 4-methylumbelliferyl-␤-D-glucoside (Sigma Chemical Co.) for approximately 15 min at 37°C with gentle shaking and briefly rinsed with buffer. Fluorescent bands could be visualized immediately on a transilluminator (312 nm).
Fractionation of E. coli cells. A standard procedure was used for fractionation of E. coli cells (22) . Briefly, cells from 20-ml cultures were harvested by centrifugation and incubated in 20% sucrose-30 mM Tris (pH 8)-1 mM EDTA-200 M PefablocSC for 20 min at room temperature. After centrifugation (3,000 ϫ g) the pellet was resuspended rapidly in 5 ml of ice-cold water and incubated for 10 min on ice with gentle agitation. The periplasmic fraction was obtained by centrifugation (14,000 ϫ g), while the pellet was washed once and then subjected to disruption by ultrasonication.
Purification of CglT and protein sequencing. Ultrasonic extracts from cells of E. coli XL1 (pBST01) were heated for 10 min at 60°C. After centrifugation aliquots of the supernatant containing 34 mg of protein per ml were applied to a Q-Sepharose Fast Flow (16/10) column and eluted with a linear 0 to 0.5 M NaCl gradient in 20 mM Tris (pH 8.0). The activity was eluted at 250 mM NaCl. Afterward, hydrophobic interaction chromatography was performed on phenylSuperose (HR 5/5). The enzyme could be released only on a descending gradient from 1.2 to 0 M ammonium sulfate. In a final purification step performed by anion-exchange chromatography on MonoQ (HR 5/5) with 20 mM Tris (pH 6), the activity eluted at 240 mM NaCl. Purification was followed by loading aliquots onto SDS-PAGE gels (see Fig. 7 ).
The enzyme fractions were concentrated fourfold with an Amicon ultrafiltration cell equipped with a PM10 membrane. Following SDS-PAGE on 7.5% polyacrylamide gels, the proteins were blotted semidry on a polyvinylidene difluoride membrane. The N-terminal amino acids were determined with a model LF 3400 gas-phase sequencer (Beckman Instruments GmbH) followed by HPLC of the phenyl thiohydantoin amino acids.
Nucleotide sequence accession number. The nucleotide sequence of the cgl operon of T. brockii has been submitted to the EMBL database and assigned accession no. Z56279.
RESULTS
Cloning of the ␤-glucosidase activity. The extent of inhibition by glucose was tested for ␤-glucosidases from several strains of anaerobic, gram-positive, thermophilic bacteria, e.g., Clostridium thermocellobiosum, Thermoanaerobacter saccharolyticum, Thermoanaerobacter ethanolicus, and T. brockii. Since the best results were obtained with the last of these, this species was chosen as a source for cloning of the ␤-glucosidase gene.
From a Sau3A partial digest of T. brockii, chromosomal DNA fragments in the range from 3 to 8 kb were separated and ligated into the BamHI site of the vector pBluescript II SK ϩ . Screening of transformants with ␤-glucosidase activity revealed three different types of plasmids carrying inserts of 3.4 kb (pBST01), 4.2 kb (pBST04), and 5.9 kb (pBST07), respectively. Clones carrying pBST04 or pBST07, however, were active on ␤-xylosides and arabinosides as well. While in an initial stage of the investigation pBST01 was sequenced by primer walking, restriction pattern analysis and spot check sequencing proved that the inserts in pBST04 and pBST07 perfectly overlapped with pBST01. Therefore, the three clones were considered to descend from the same locus of the T. brockii chromosome (Fig. 1) . The entire insert of pBST07 was sequenced. It consisted of 5,943 bp with a GϩC content of 34%. Four open reading frames (ORFs) were detected (Fig. 2) .
xglS and cglT ORFs. The putative cglT ORF (bp 4388 to 5737) encoded a protein of 450 amino acids (aa) with a molecular mass of 51,992 Da. By scanning for homologies in protein sequence databases, considerable homology to several ␤-glucosidases of family 1 of glycosyl hydrolases was detected (14) . By using the FASTA program (PC/Gene software system), the highest scores were obtained with the BglA ␤-glucosidase of C. thermocellum (55% identity in a 446-amino-acid aa overlap) (13) and with BglB of Bacillus polymyxa (54% identity in a 444-aa overlap) (11) .
In the 5Ј region of cglT, a second ORF, xglS, was detected (bp 2172 to 4361), leaving a gap of only 23 bp between the two putative genes. The deduced protein, XglS (81,345 Da), showed significant homology to ␤-glucosidases belonging to glycosyl hydrolase family 3. The highest scores were obtained with ␤-xylosidase A (50% identity) of Thermotoga neapolitana (33) and with a periplasmic enzyme, BglX (35%), from E. coli (25, 32) . The multiple alignment of XglS with these two ␤-glucosidases as well as with BglB of C. thermocellum (33%) (12) , BglS of Kluyveromyces marxianus (32%) (24) , and BglS of Agrobacterium tumefaciens (31%) (4) revealed two conserved regions. The first one ranged from aa 60 to 357, while the second ranged from aa 440 to 692. The alignment thus indicated that the putative glucosidase XglS fulfilled the A-Bdomain pattern of family 3 glucosidases as defined by LemesleVarloot et al. (19) .
Moreover, two amino acid motifs within domain A of XglS were highly conserved throughout the sequences of bacterial and fungal origin (Fig. 3) . Motif A2 included an aspartic acid residue (position 227 in XglS), which had been shown to be involved in enzyme catalysis in the ␤-glucosidase of Aspergillus wentii (3) . Several other conserved aspartate and glutamate residues within motif A1 (aa 106 to 121) were supposed to contribute to the general glycosyl hydrolase mechanism (21, 31 homology to each other, and the genes themselves showed homology to genes which were present in various bindingprotein-dependent transport systems for diverse metabolites in bacteria, e.g., for lactose (lacF and lacG) of Agrobacterium radiobacter (34) , maltose (malF and malG), sulfate and thiosulfate (cysT and cysW) of E. coli (6, 30) and multiple sugars (msmF and msmG) of Streptococcus mutans (26) . These genes usually occur in pairs in operons together with genes encoding metabolite-binding proteins and regulatory elements. The multiple alignment indicated that the gene product contained a (cytoplasmic) 20-aa motif (Fig. 4 ) located about 90 residues from the C terminus. Three residues, glutamic acid, glycine, and proline, were perfectly conserved, while in some other positions, alanine and basic and hydrophobic residues were less highly conserved. These transmembrane proteins usually consist of six membrane-spanning domains, as revealed by their hydrophobicity profiles as shown in Fig. 5 . Because of the striking analogy of their products to those transmembrane proteins, the two additional ORFs in the cgl operon have been designated by the letters F and G.
Inspecting the 3Ј end of the DNA fragment, a potential hairpin loop followed by a few thymidine bases was detected from bp 5769 to 5801. It might function as a transcriptional terminator in a multicistronic transcription unit. Several stop codons occurred within each reading frame in a stretch of 200 bp next to the loop. Within this region, no distinct homologies have been found to genes encoding proteins known to be involved in the metabolism and uptake of disaccharides. Considering the general organization of such kinds of genes, cglT probably is the last gene in this putative transcription unit. At the 5Ј-terminal region of cglF, a second inverted repeat (bp 114 to 152) was indicated. Promoter-like structures have not been found within the whole insert.
Deletion analysis. To investigate the location of the two ␤-glucosidase genes on the cloned fragments, we constructed deletion clones (Fig. 1) . A SacI deletion of pBST01 removed most of the 5Ј part of the insert. The resulting reduced 1.6-kb insert still included the complete ORF encoding CglT (pBST011). Deletion of the region from the NdeI site to the SmaI site (the latter is within the multiple-cloning site of the vector) removed most of the cglT gene (pBST012). Transformants of pBST011 in E. coli XL-1 expressed levels of ␤-glucosidase activity comparable to those of pBST01, while, as expected, pBST012 transformants were completely inactive, i.e., did not express ␤-glucosidase activity.
Enzyme activities. When cellular extracts of E. coli cells carrying pBST011, pBST04, or pBST07 were subjected to SDS-PAGE, additional bands could not be detected. This indicated a rather small amount of the proposed recombinant proteins. Nevertheless, activity staining with 4-methylumbelliferyl-␤-Dglucoside following SDS-PAGE and renaturation revealed fluorescent bands indicating substrate hydrolysis (Fig. 6) . While a single band from clone pBST011 was observed in the range of about 40 to 50 kDa, a different band expressed from pBST04 migrated more slowly. Clone pBST07 expressed both enzymatic bands. These distinctions indicated that at least two different ␤-glucosidase activities, XglS and CglT, were expressed from clone pBST07 carrying the largest insert. In accordance with Fig. 1 , each single activity was expressed, i.e., CglT from pBST011 and XglS from pBST04, respectively. These findings were further substantiated by enzymatic investigation of E. coli cell fractions. By using p-nitrophenyl-␤-D-glucoside and -xyloside, CglT from pBST011 was found to exclusively exhibit ␤-glucosidase activity whereas XglS from pBST04 acted as a ␤-xylosidase as well. Both enzymes were located mainly in cytoplasmic fractions, while small amounts, i.e., 15 and 23% of CglT were found in the periplasm; however, we could not exclude the possibility that they resulted from cell lysis (data not shown).
Purification and characterization of CglT. The recombinant enzyme CglT was purified from E. coli cultures carrying pBST01 by heat denaturation of the accompanying proteins and fast protein liquid chromatography with Q-Sepharose, phenyl-Superose, and MonoQ media (Fig. 7) . A predominant band of about 50 kDa after SDS-PAGE of MonoQ fractions with the highest activity was identified as CglT by N-terminal sequencing. The sequence (AKFPRDFV) precisely corresponded to the proposed protein sequence but indicated that four N-terminal amino acids (MIKL) were lacking from the mature CglT protein. The optimum temperature and pH for CglT activity were 75°C and pH 5.5, respectively. The enzyme did not lose activity at 60°C for at least 24 h.
To characterize the inhibition (k i ) by glucose, the activity was determined in the presence of various concentrations of glucose ranging from 0 to 800 mM with p-nitrophenyl-␤-Dglucoside as the substrate. The k i was 200 mM.
The activity against various substrates was tested either by using chromogenic p-nitrophenyl substrates or by performing HPLC detection of the release of monosaccharides from cellooligomers or other glucosides (Table 1) . Substrate concentrations of 4 mM were found to be sufficient for providing saturating conditions. CglT acted specifically on ␤-but not on ␣-glucosides. In long-term incubations, cello-oligomers were completely degraded to glucose. Since no chromogenic reaction was observed with p-nitrophenyl-cellobioside, the degradation was concluded to occur from the nonreducing end. The influence of the chain length on the release of glucose was determined in the initial stages of the reaction, when further cleavage of the (n Ϫ 1) oligomer could be neglected. The velocities for oligomers from n ϭ 2 to 5 were nearly equal. A small increase was observed from cellobiose to cellotriose. A maximum was reached with cellotetraose, and the activity decreased with cellopentaose. The activity against ␤-1,3 and ␤-1,2 isomers of cellobiose, i.e., laminaribiose and sophorose, was slightly enhanced. The ␤-glucosides arbutin and salicin, carrying an aromatic but nonchromogenic residue, were also hydrolyzed, although the activity was significantly reduced. The enzyme removed not only glucosyl but also galactosyl and fucosyl residues. Only very low activity against p-nitrophenyl xyloside was found.
Expression in B. subtilis. The DNA insert of pBST011 with the cglT gene was cloned in E. coli in both orientations into the BamHI site of plasmid pHB201. Both constructs were subsequently transformed into B. subtilis GBR21. The expression of ␤-glucosidase is demonstrated in Fig. 8 . Most striking was the accumulation of the CglT protein in the culture supernatant, as well as its significance after prolonged cultivation (72 h). A band of about 52 kDa was clearly visible and appeared to be one of the predominant proteins in the supernatant. Constructs bearing the cglT gene in the sense or antisense orientation yielded activities of 873 and 96 mU ml Ϫ1 , respectively (data not shown). These results obviously indicated expression from the p59 promoter of vector pHB201. Since the enzyme was found in the supernatant after prolonged growth, we investigated the distribution of the enzyme in the supernatant and cell extract (Fig. 9) . More than 90% of the total activity remained intracellularly during exponential growth. After reaching the stationary phase, however, most of the activity was released into the supernatant, probably by cell lysis. The accumulation of CglT indicated resistance against proteolytic Expression of CglT in strains carrying plasmid pHB201cglT did not affect the growth rate of B. subtilis, even in minimal medium supplemented with cellobiose as the sole carbon source. In conclusion, the endemic B. subtilis ␤-glucosidases are sufficient for optimal growth on this disaccharide as the sole carbon source. The release and efficient accumulation of the enzyme within the supernatant indicated that B. subtilis was a suitable host for the expression of CglT.
DISCUSSION
In this report, we described the existence of two enzymes from T. brockii which are capable of cleaving 4-nitrophenyl-␤-D-glucosides. One of them was active on cellodextrins as well as on natural aromatic glucosides such as arbutin and salicin. It was designated a cellodextrin-␤-glucosidase, CglT, to distinguish it from ␤-glucosidases, which are specific for aromatic glucosides but not for cellobiose (4, 8) . The second ␤-glucosidase of T. brockii was active on ␤-D-xylosides as well. Therefore, we introduced the term xyloglucosidase and proposed the name XglS. The two genes, xglS and cglT, were closely linked on a 5.9-kb DNA fragment and are suggested to be part of an operon with at least two more genes, cglF and cglG.
Based on sequence homology, CglT and XglS were classified into two different families of glycosyl hydrolases in the classification scheme of Henrissat (14) . Members of GHF 1 are mainly of bacterial origin, have a molecular mass of about 50 kDa, and display activity on ␤-glucosides. In contrast, GHF 3 consists of bacterial and fungal proteins which are larger (about 80 kDa) and are active on ␤-glucosides as well as on ␤-xylosides. These characteristics were also found to distinguish T. brockii XglS and CglT.
Multiple ␤-glucosidases are apparently widespread among bacteria. In B. subtilis, the deletion of two genes coding for different ␤-glucosidases did not disable the mutants for growth on aromatic glucosides such as arbutin or salicin (18) . Therefore, the existence of at least one more gene was deduced. Two genes encoding ␤-glucosidases in E. coli have been described (29) . Recently, the sequence for the gene encoding another ␤-glucosidase, BglX, has been submitted to the EMBL database (25, 32) . This enzyme was reported to be located in the periplasm and exhibited considerable homology to XglS of T. brockii, although the latter was located intracellularly when expressed in E. coli. Multiple enzymes for ␤-glucosidase utilization have also been described for Erwinia chrysanthemi (8) and Agrobacterium tumefaciens (4) .
Although displaying high homology to the T. brockii enzymes, the ␤-glucosidases BglA and BglB (GHF 1 and GHF 3) of Clostridium thermocellum obviously are encoded by monocistronic genes (12, 13) . Hence, the existence of multiple ␤-glucosidases seems to be a common feature of microorganisms. Although the genes are often part of operon structures (18, 29) , our results showed, for the first time, two ␤-glucosidases to be linked in one putative operon.
Two B. polymyxa ␤-glucosidases, BglA and BglB, fulfilled the characteristics of GHF 1 (11) . They displayed 42% identity at the amino acid level and lacked a leader peptide as expected for protein secretion. Nevertheless, BglB was secreted into the periplasm when overproduced in E. coli, while BglA remained intracellular. We have found 15 to 23% of CglT in the periplasm of E. coli containing plasmids pBST07 and pBST011, respectively, but we could not exclude the possibility that it resulted from cell lysis. Therefore, it was of interest to determine its localization after expression in B. subtilis. We found that CglT in B. subtilis remained intracellular in growing cells became one of the predominant proteins in the supernatant of long-term cultures. The time course did not exclude cell lysis. Efficient accumulation indicated considerable stability against Bacillus proteases.
The genes encoding the two ␤-glucosidases of T. brockii are closely linked to at least two additional genes. Based on amino acid homology, these genes have been named cglF and cglG and are proposed to encode transmembrane components of a binding-protein-dependent transport system for small metabolites. The deduced gene products, CglF and CglG, display six membrane-spanning domains and a characteristic motif of 20 aa near the C terminus, and they appear to be typical members of this class of proteins.
Several of the genes encoding these proteins are specifically involved in binding protein-dependent transport of carbohydrates, e.g., maltodextrins (amyC and amyD) in Clostridium thermosulfurogenes (2) , xylan degradation products (yor1 and yor2) in the thermophilic bacterium Rt8B.4 (7), maltose (malF and malG) in E. coli (6) , or multiple sugars like melibiose, raffinose, and isomaltotriose (msmF and msmG) in Streptococcus mutans (26) . Others were found to encode proteins that transport noncarbohydrate compounds such as sulfate and thiosulfate (cysW and cysT) (30) or putrescine and spermidine (potB and potC) in E. coli (9) .
These genes usually display distinct homology to each other and were always found to exist in pairs in multicistronic operons. As a representative example, lacF and lacG in the lac operon of Agrobacterium radiobacter are linked to genes encoding a substrate-binding protein (lacE) and an ATP-binding protein (lacK). The operon is completed by the lacZ gene, encoding a ␤-galactosidase, and by the lacI repressor gene (34) . By analogy, we propose additional genes, i.e., a gene encoding putative cellobiose-binding protein (cglE) in the 5Ј-terminal part of the cgl gene cluster of T. brockii.
Since CglT has been shown to be most active on cellobiose, small cellodextrins, laminaribiose, and sophorose, these compounds presumably are substrates of the proposed transport system. However, the contribution of XglS and CglT in T. brockii to the metabolization of these substrates remains to be investigated.
Substrate specificities had been determined for four of five glucosidases showing the highest homology to CglT: BglA and BglB of B. polymyxa (10) , BglA of Bacillus circulans (23) , and BglA of C. thermocellum (1) . Although the enzymes displayed more than 44% homology, the relative activities on various substrates differed considerably. In general, all the enzymes were active on glucosides and galactosides but not on xylosides. The remarkable high activity of BglA of C. thermocellum toward laminaribiose, as reported (1), had not been verified with CglT in our studies, although laminaribiose seemed to be a slightly better substrate than cellobiose. Interestingly, lactose instead of cellobiose was a poor substrate for CglT. The situation was reversed with chromogenic p-nitrophenyl analogs; e.g., the p-nitrophenol-␤-D-galactoside was cleaved faster than the p-nitrophenol-␤-D-glucoside. This was proven in the chromogenic assay as well as by HPLC. These contradictions provide a good example of misleading results obtained with synthetic, chromogenic substrates in the determination of the enzyme specificity. This might be due to changes in the architecture of the active site induced by the aromatic aglycons. In conclusion, CglT should be regarded as a ␤-glucosidase rather than a ␤-galactosidase. The enzyme turned out to be suitable for cleaving a broad spectrum of ␤-glucosidic disaccharides and soluble cellodextrins.
Considering end product inhibition by glucose, the k i of a ␤-glucosidase (1.4 M) of C. peltata (26) was the highest value found in the literature and was superior to that of CglT (200 mM). Compared with thermostable bacterial enzymes, however, CglT was less inhibited than BglA (135 mM) of C. thermocellum (1) but was slightly more sensitive than a ␤-glucosidase (300 mM) of the hyperthermophilic archeon Pyrococcus furiosus (16) . This feature of CglT might be of considerable importance in technical applications, e.g., in the saccharification of cellulosic material by cellulases. In the final stages of the process, when most of the substrate has already been converted into glucose, the use of thermostable enzymes with a low degree of inhibition, like CglT, might improve the yield of the process.
